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AimVIBAL COMPOVPODS AND METHOPS 

FIELD OF INVENnON 

Tbe present invention relates to methods for letazding, redudxig or o&erwise 
S kObdbitmg viral growth and/o^ The ixtv^tion also relates to 

comi>oiiads axui conipositions suitable for use in the methods. 

BACKGROUND OF THE INVENTION 

Cuxmitlyi there is a great need for the development of new treatments that are 
efEeotive against viral infections, paiticidarly gainst vixal infections which are 
10 associated with high marbidiQr and mortality; and which impact on sizable popuIati<ms* 
Tieatm^its ccrrmtly available are inadequate or inefifective in large proportions of 
infected patients. 

For example, in amelioFating AIDS syntptom and prolongbg life expectancy^ a 
measure of success been achieved with drugs targeting the viral reverse transcriptase 

15 and jwcotease enzymes (Miller and Sarver» 1997; Mitsio«, 1992; Moore, 1997; and 

Thomas and Biady> 1997). However, no ain^e ireatment method is completely ejffective 
against HIV infection. (Barry et al, 1998; De<dcs, 1998; Miles, 1997; Miles, 1998; Moylc 
et al, 1998; Racbli$ and Zarcwny, 1998; Veil c* al, 1997; VolbOTiing and Dedcs, 1998; 
and Volbecdin, 1998). 

20 PCT application PCT/AU99/00872 describes the use of compounds 5<isr^- 
hes»methyLene)-amilo]ide and S-(NJ7*dimea]iyl)-ani!]oride in the treatment of HIV 
infection. 

Anoth^ example is the Hqpalitte C vhijs (HCV), This is a significant human 
pa&ogen in tennsofboth cost to hunutn health and associated HCV 

25 causes ohromo hepathis and cinhosis and is the leading indicainr for liver replacement 
surgery. In 2002 the Centre for Disease Qratrol and Prevention 
than 4 miUi<m people were infected in the USA alone and ihal approximately 8,000 to 
10, 000 die as a result of chronic HCV iiifection yearly,. Ihere is no fa:iown cure or 
vaccine. More efieciive pharmacological agents are urgently required 

30 To improve the ptx>spect of treating and preventing viral infections, there is an on- 
going need to identii^ molecules capable of inhibitmg various aspects of the viral life 
cycle. 
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It is an object of the present mvetxtion to overcome or ameliorate at Least one of the 
disadvaxitages of the prior ar^ or to provide a usefol alternative. 
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SUMMARY OF THE SNVENTION 

The invezLtiMCs have soicprisiitgly found although the drug axxdloride has no 
detrinoi^atal efStet on vixal replication^ amiloride analogues* m which the amino group 
located at Ihe S position and/or the chloride located at the ^-position of the pyrazme has 
beeu substituted^ and/or the axxiino giov^ located at the 3-poaitian of the pyrazine has 
baen substituted, <»r amiloiide analogues in which one or both of the guanidyl amino 
groups has been scibstituted^ have anti-viral activity agaiust differ^t vmises. 

Birther» and viHlthout wishing to be bound by any particular Ibeoiy or mechanisms of 
action, 6^it& eunent dogma it appeals possible ijiat viral replication can be retarded by 
inhibiting or otherwise dowjQHreguIattng ion channd fimctuming. 
impact of the compoands of the present invention on vixal 
by ihe inhibition or ofhowise down-r^|ulation of a membrane ion chann< 




by the virus fbr rqplicatiion. This niraibrane ion channei tnay be a viral me^ 
channel (exogenous to the host cell) or ahost cell ion cbamxel induced as a result of vixa 
infection (endogenous to the host cell). As an example, the conq^omids of the present 
Invention may inhibit Vpu or p7 function and thereby inhibit the continuaiion of (he 
HIV and HCV life cycle. These concepts are covered in certain preftned embodimenta 
of the present invention, described herein. 

The present invention is concerned with novel antiviral compounds comprising a 
guanidyl moiety and in particular to novel antK^ amiloride analogues and/or 
derivatives. However, it does not ixxclude in its scope the use of conrpounds S-<NJN- 
hexamediylene)amiloride and 5-Ct^-dimefhyl)-anuloride for retarding, redudng or 
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Accordingly, a first aspect oifbz pi^ent invention provides an antiviral compound 
comprising a guanidyl moiety. 

According to a second aspect, the invention provides an antiviral amiloride 
30 analogue and or/derivative. 
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Ft^feirably, the ccmpovoidis of the mveulion are capable of reduciio^ ictarding or 
otherwi&e inhibiting viral growfh and/or loplicatjlot]. 

Prcfbrably» the amilotide analogues and or derivatives^ and other ootn^ounds 
contamiiig a guanidyl znoiefy comprise tibie stxuoturo 

o ""^ 




wfai^em the substituents at the R positions may or nuaynot be tibie aame, and 

R} halo, aiyl, substituted aiyl, phenyl} or sabatituted phmyi; 

R2 aaunop aryl, subsEtituted aryi, pheoyli substituted phenyl, hexanxetbylme, PxS« N- 
methyl-N-i$obuiyl» N-ethyl -N*iaopropyl, beoz^ ; N-medxyl-N-guanicfinocaxboiiyl- 
methyl, NJN-diniethyl, N,N«*die&ylr tert-butylanuno^ haio-aniline, fluoro-amline 




Ri«hydn>xy»allQrlo:8;y,tnetfaoxy,H3-dimi^ O 



NH 

J- 



t-BU 



R4 




Halo 



Halo 




Halo 




Halo 
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The following antiviral compounds comprisizig a gmdiyl moiety are also encoxnpdssed 
wifliiiL tike scope of the present invcntioxii: 




5 or 




or 



H 



whaein the sobsUtuteots at the R positions may may not be fhe same, and 
10 R8» H, aiyl, sabstituted aiyl, pheosd, or substituted ^^mayli 

= H» 2xyl substituted aryl , phenyl, substituted pheoDQd, n^thoyi, 





R7 « alkyloxy^ oidthox}^ 
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or> the strncture 




wherein fte substifiiteats at Ihe R positions ms^ or may iwt be the 3ame» and 
Be " aliphatic or ararooiic suhaijtUQQts; 
5 II9 ^ aliphatic or aromalio substituQCits; 



or, the structure 




wh^ein the substitutaits at the R positions naay or may not be the same» 
H, aryl» phenyl, cinnamoyl; 



10 Ru « H, alkyl, atyi, pheiqrl> cinnamoyl; 




R]2 ^ H, alky» aryL pheoyU cinnamoyl. 




or, the structure 
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• V *• H 



«» W V 



H 




wherein the substitutents at the H positions may ox may not be the smxe^ and 

Ri3 - H; alfeyl, or phenyl 

Rt4 H;,al]cy)» ph«t3iyl, or substituted phenyl^ - 




wherein the substitatents at fiie R positions may or may not be tibe same» and 
R]6 = H» aikyl, substituted alkyl, phcoayl* or substituted pheiQ^; 
10 B47 = H, filkyU sabadtuted alkyl, phenyl, or aidsatLtiited phenyl; 
Rid ^ 9SkyU substituted alkyU phenyl, or aubatitoited phenyl; 

The Goxnpoimda oJttiie inv^ation iueiude the foUowu^g: 



S-(]^?»N•heKameihylene)aamloJnde 
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5*<NJNr-Dun^yl)amitoiide hydrochloride 



5 CHa 




N 




5-CN.metbyl-N-isobutyl)amUoridc ooaapdmg ftua fitnicture 



CI 




N 



O ML 



10 



5<N^l.N.«opropyl)aimloride (herwn i«fe«d to as BIPAX co«pri««<g th 



e fltnictizre 




«1 
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N<3,5-Diaraino-6K*fo^o^y^az^ne-2-calt»nyO-N^phenyl-gu^ comprising the 
stmctiue 




stnictujrd 




3-methoxy amiloride comprising the $tracture 
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3-methoxy*S«(N,N-He3aame%lene)-amiIori^ compxiskig the structure 



CI 



.N 





N 



3-(]M-2^ -dimeth^ pxopanai)ainiloride ctanindsmg ^ strujctuie 



CI 



H2N 



NH2 

N NH 
O^t-Bu 



3-(N'2^ -dxaaeih^ pSQpanal>-5-N-hexBmefhylene amUozide connprisii^ the stxuctore 




N 





O NH2 



NH 
Or^t-Bu 
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34kydiQX3^5-hexameGbyteneixnijio-andlori^ coi33|rrisiiig flie structure 




O NH2 



Bxatansg^ylmaadBO'^lim^ con^»ising the structure 



NHa 
NH2 



)-3,S-<liamino-6-phenyl-2^3n:azinecarboxa^ compridrag <bo sttuetuxe 




NHa' 



NH2 
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S-(N,N-h€xaaDaethyleEie)amiloride eomptishig fhe stiuctare 



CI 



O 



S-i«opyi-$ulfide omlottde CQSoprisingthe structure 



O NH2 
PrS N' "NH2 




N-atiud)na'3<imino-S^hei^l-<$-chl^ oompdsuog ibe structoie 



O NH2 
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3'4 DicbloraBeoftzamil comprising ihe structure 

r 




2'4 DichloioBcnzamil MCI comporisi^g the stmctme 




5 S^-methyl-N-guanidiaoc^oiiQ^l-m roiApxising the stmctiw 
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5-(N,N-Di^hjd)asnilorii!te hydrochloride comprismg the structure 




CHa 



5-(N^-D.imethyl)ainiloride hydrochloride coiqpri$h3g the structure 




. 5->teit-butylaxm]30-axiiiiori 
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Bodipy-FL AtnUotidft coxoptii^g mc strudyre 




5-(4-fluoiDiihGaayl)amiloride ci 



prising ttie stnifiture 




l^iaptlioylgufliudinecoinyptisnigthe stnicture 




COMS ID No: SMBI-(J0311798 Received by IP Australia: Thna (Han) irao Dote (Y-M-d) 200W6-28 



-IS. 

2-ii^tlioyigaanldiaB comprisiiiig the structure 




N-(2-]uipthoyt)-N''plimylguaiiidiae comprismg fiift structure 




NJ^-bi5(2-tU9>tfaoyl)^amdino comprismg the siniotute 

* 
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N<N'-fais(I-Bapth03^)gaai^ coi)fi|ni9mg the structure 




o NH 

X 



H H 




N^'-bis(2-^i^)thoyl)4*J''-<phenylgam comprisiug the structuxe 
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N-^miamoyl-N'tN'-dimethyljgqaiii^ wnqxrimg tti© structure 
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-phenjdbenzoylguanlte conqaising tte fitmcture 




N-<cinnaiiu)yO-N^haiyigaanidioe coinprkiqg the stnicdue 




(3-i>hfinylp)[Dpanoyl)guflaidii(ie tajmprising die sttuctuie 



P NH 
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NjaMjMcinnamoyl)-jr'-phen)4gaaiudine conjprisingthe smicture 




N<3-phenyipropaaK>yi>-]^-phe«ylguai»wJi^ coaqnisLog the staiotate 




N^-bis(3phcm.yJfTOpattoyl>hP VphOTylguanaMB con^riaing the stnictwce 
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lxan8«3-fui:ai)Bcryoylguam comprisitig tbe structure 



a NH 



Piefarably^ the antiviral activity of the compounds of the uiventioa is towaids viruses 
Bucb as» fisr exaxnplQ, HIV andHCV. 
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compositiQn coxxipiudng a oompouad according to aay oao of Qxe previous aspectfi, and 
optionally one or moxe {duarmaeeulical acceirtable cazriors or d^vativo^ 



According to a &urth aspect, tibiere is provided a 

ottxerwise inhibiting growth andAxr iqilicaticai of a vim comprising competing a cell 
10 infected with said virus or «?cpoBed to said vims witti a cosopound according the first or 
second asp&A or a cozx^sition according to the flnrd aspect. 



According to a fifth aspect^ 1h(»e is provided amethod fbr preventing the infection of a 
cell exposed to a virus corapilsiDg contacting said cell wi<h a conqiound according to the 
fiist or second aspect or a conq[io5£tion& according to the third aspect 



1 5 According to a sizth aspect, thm is provided a method of down regulating a membrane 
ion channel fimcti<mal activity in a cell infiected with a viros^ compdsing contacting said 
cell wifib^ a conq>ound according to the first or second aspect or a coxnpositLon according 
to the third aspect, wherein said membrane ion channel is endogenous to fiie cell or 
exogenous to the ceH. 

20 Pto&arably, the membrane ion channel of which fimctional activity is compromised is 
that^ch the Huaaanlmmunodefidency Virus (HIV) or the Hepatitis C virus (HCV) 
utilises for replication and includes the HIV mesmbiane ion channd Vpu and fhe HCV 
memhrana ion channel P7» respectively. 
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According to a seveoih aspect of the invention, there is provided a metliod for the 
ther^eutio or prophylactic trBatmoit of a subject infected with <a oxpoaeA to a vinis 
comprisiiif die adnuxnstration of a phaumceutiGal composiiiQQ cotupridng a conqtound 
aoconimg to ^e first or secoiid aspect or a conqpositioa accoiding to the ihiid aspect, to 
5 a subject in need of said treaimeot 



According to an eighth aspect &6 invention provides the use of a cooipound according 
to d» first or second aspect, in the mannfiicture of a medicament for the therapeutic or 
pn^bylactic treatment of a sulgect in&cted with or exposed to a virus. 

Prefianably, and valsss otherwise stated, viral infection is that ol^ fbr example, in&oiion 
10 withmv otHCV. 

Unless &e context clearly requhes otherwise, fhioughout the descd^on and the claims, 
the vrords 'comprise', 'comprisiBg', and die like are to be constraed m an inchishre sense 
as opposed to an exclusive or esdunstive sense; tfnat is to say, in die sense of Including, 
but not limited to^'. 



IS BRXE^ SESCBimON OF THE mtMmiGS 

Vigpre 1 is a scbamadc repr eM uriati<m of plaaouds used fbor expression of Vpu itt£. coH, 
A. Theaminoacidseqpi«nDe(<400>l)encodedbythci3wopettrefldingfi^ 
generated by PCR fiom an HIV- 1 strain HXB2 oUNA clone. The ypu OKF was cloned 
itt-fiame at the 3' end of the GST gaoe in p2GEX to generate p2(^XVpu (B). It was 
20 subsequendy cloned mto pPI451 to produce the pUiamid pPL + Vpu (O. 



Eigure 2 is a photogrqihic rqaiesentation of the eq;nes^on and purification of Vpu in £1 
eo/i. A. Western Wotting after SDS-PAGB was used to detect eBpieased Vpu in K cott 
extracts. I/anes 1-4 coiitain samples, at vaxions stages of pwity, of Vpu eqwcssed Irom 
p2GEXVpu: lane 1, GST-Vpu iiiston protein isolated by gIuinfhione.agaiOBe affinity 
chromatography; lane 2, Vpu liberated inm die fusion pkotein by txeabnent wiOi 
dirombin; lane 3, Vpu purified by HPLC anioa exchan^ chnwnatogcaphy; lane 4. Vpu 
after passage through the immunoaffinily oohmm. Lanes S and 6. membiane vesicles 
prepared ftom 42'C hiduced cells oontaming pPI/*-Vpu or pPL4Sl, respectively. 



25 
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B. Silver staiaed SDS-PAGE gel: lane 1, VpuputiiSledby HPLC anion exchange 
Gbroinatogicaiihy, lane 2, Vpu after passa^^ tiburough fbe immunoafiGbnity colu 



tiili 



Figure 3 is a gnqpUcal lepresimtetion of ion (dianii^I activity observed al%^ eoqposuxo of 
lipid bilayears to aliquots coiitakjbD^ punfied Vpu. Ja A and tbe CIS chamber 
5 contained SOQmM NaCl and fhe TRANS chamber coxrtaincd 50mM INtaCl; bo^ 

soliitionfi wero buffered at pH 6.0 with 10 mM MES. B showa a cnncnt versus voltage 
curve generated fiom data similar to that shown in A. 



Figure 4 is a photographic represeotation of bacterial a»ss-feeding assays. For all 
plates^ the Mct\ Pio'' auxotzophio strain was used to seed a soft agar overlay. Plates A 
andB contain minimal diopHMt medium minus proline; in plate C the medium was 
xninus methionine. To control for viability of tiio cells in the badi^ground lawn» the discs 
labelled P and M contained added proline or methionine^ respectively. The discs labelled 
C and V were inoculated with Met% Fto^ K coli cells containing the plasmids pFMSl or 
pPL+Vpu, respectively* Plates were incubated at %TC (A and C) or 30°C OB) for two 
days and photographed above a black background with peripheral illumination fiom a 
fluorescent light located below the plate. The images were recoided on aNovaline video 
gel docummtation system. Liishfc halos arouad the discs labelled P or M on all plates and 
around the disc labelled V on plate A indicate growth of the bac^kground lawn strain. 

Figure 5 is a graphical representation of the scieeaodng of dmgs for potential Vpu 
channel blockers. The photograph shows a section of a minimal medium-lackuo^g adbiine 
- agarose plate onto which a lawn of XI>X4)lue £ eoA' cells containing the Vpu 
eocpressicn plasmid pPLVpu has been seeded. Numb^ $-1 1 are located at the sites of 
application of various drugs being tested, which were qypUed in 3|j1 drops and allowed 
to soak into the agarose. The plate was then incubated at 37^C for 48hr prior to being 
photogF^hed. The background grey shade corre^onds to areas of no bacterial growth. 
The bright circular area around 10 " zqxresents bacterial cell giowtti as a result of 
application of adenmo at that location (positive control). The smaller halo of bacterial 

growth around ''9" is due to the application of 5-(N,N-hB[?cametiiylcne)-amiloxidc at that 
location. 
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5<NMcxamethylaiB)-aiDiloride (HMA) in planar Upid bilayew. The Huee tiaces 
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rqpzesent typical Vpu channel activity obsenred in the presence of the indicated 
cQOcentcations of HMA. The aolid line indicates the zero current level. Mean cunents 
(+/- variance), catenbted &r cootinuoiis channel recozdings of at least 30 seconds 
duxation, are plotted in tibie graph for each of the three drug cooicentrationa. 

5 Figqre 7 is a gr^hical representation of the efitect of HMA on HIV virion production in 
monocytes and monocyte-derived osacrophages. HIV in culture supematants was 
assayed at various days post«<iafection by detectum of p24 antigen using a quantjLtative 
ELJSA naethod* Solid black bats r^esent HIV-infected cells ea:posed to lOpM HMA. 
Hatched bars are control cells not exposed to drug. 

10 Fignre 8 is a scheonadc representation of tixe chemical fomuila of amiloride, HMA and 
DMA: R=-H2N, amiloride: RKCHa)2Np DMA; R HCO^^, HMA 

Xlgnre 9 A Channel activity produced by P7 peptide incoipof ated into artificial lipid 
bilayem. 

Figure 9B« An all points hi^ogram geneacated fiom a potential of -SOmV in the tcans 
IS chamber due to channel activity produced by P7 incoiporated iido artificial lipid 
bilayers. 

Flgnre 10 is a gr^hical reprcscnttation showing current xevetsal at -i^QmV for channel 
activity produced by P7 peptide incoipozated into artificial lipid bilayers. Channel 
activity was measured with SOQmV KCl in the dis chamber and SQmM KCl in the trans 
20 chamber* 

FIgiure U. Currents gcnoated over a raxige of potentials by P7 peptide incorporated into 
artificial lipid bilayera. Channel activity was measured with SOOmM KCl in tt)e cis 
diamber and SOmM KQ in the trans chamber. 

Figure 12. Cuneots generated over a range of potentials by P7 peptide incorporated into 
25 artificial lipid bilayers. Channel activity was measured with SOOmM NaCl in the cis 
chamber and SOmM NaCl in the trans chamber. 

Figures 13 and 14. P7 peptide ion channel adivity in artificial lipid bilayers is blocked 
in the presence of hexamethylene amiloride (HMA). 
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DETAILEP PESCIUFnON OF THE JDWENTION 
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The present invrntion is based* in paxt» (m the suzini^^ 
ccanpounds containing a guaoidyL moiety are able to inhibit (he teplicaiion and/or 
gtowtti of different viruses. Withont wishing to be bound by tocy or any particailar 
mechanism of action, inhibition of viral replication by the eonvoimds of the present 
invcntianxxwyoccnr via the inhibition of manbiOTW ion i*axi^ jjms, 
viral infection msy cause ahost cell to express eifibsr an aidogenoos or a heteiologoas 
membrane ion channel, and viral girowthArepUcation xogy be retaided by inbibiting the 
iimctiooinB of the ion channel \tfi&the cooopounds of tiiepiesent invenliffiL 

Again, wifliout being bound by theory, a raonb^ of envelope viruses have be«i 
shown to encode small hydrophobic proteins that fonn ion channels, fiw example M2 
pxotdn. of influenza A, Vpu protein of HIV-1 and p7 of hepatitis C virus (HCV>, 
Whereas these ion channels may have impoitant roles in flie r^licotive cycle of viruses, 
in particular the final stages of virion budding, they have not been utilised for tatseting 
antiviral confounds mostly because of complexity of soechsnisnxs sunonnding viral 
rqiilioation and lack of detailed characterisatiQn of their role in this i»ocess . 

The pxeseint observations and findings now pemiit tiie use of agmte such as, but not 
^ted to, amiloxide analogues as anti-viral agents jB» the thei^y and prophylaxis of 
viral conditions caused by different viruses. Hie methods and compositions of the 
present invenfiaa may be pardcalarly efifecdve against viruses wbiph rely oa ion diaonel 
fcxmation fi»thrir r^Hcation, however it will be understood that this is not the only 
medianiBni relied o» by viruses fer replication and that the compounds and methods of 
the ptesmt InventicaL are not limited to agents •wMeh exert their action by retarding or 
inhibiting die fimction of ima riiiinn ^] [y 

Reference to "metohrane ion channel" should be nndetstood as a reference to a 
stmctare which transports ions across a membrane. The present inventioo extends to ion 
channels which may fimction by means such aspas^e, osmotic, active or exchange 
transport. The ion channel may be fonned by mtraceUnlar or extxaceUular means. For 
example, the ion channel may be an ion diannel whidx is natncaUy £bmied by a cell to 
facilitate its normal functioning. Altemattvely, tbte ion channel may be fonned by 
extracelhilar means. Bictracelbdar means would Jnehide^ for eicample, the formation of 
ion channels due to inlroduced chemicals, dcuga or other agents sodh as ionophores or 



• 
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due to the fyms^auai activity of viral proteUsis encoded by a vims which has em»»d a 
cell. 

The ion diajtmels which ar^ the subject of c^^tain embodiments of the pt^extt 
iAv«ition fiicilitate fiie transport of ions actoss membranes. Said memhrana may be any 

5 membrane and is not limited to the outer cell wall plasma membiane. Accordiniglyy 
"membrane" oicompasses the membrane smioimdj^g any cellular organellei such as the 
Golgi iqp^paratua and endoplasmic ieticulum> the outer cell memtoan^ tiie membxane 
Bumiunding any fweign antigen which is located wittun the cell (for example a viral 
envelope) or the membrane of & foreign orgamsm which is located extracellularly^ The 

10 membrane is tj^ically, but not necessarily, composed of a fluid lipid bilayer. The subject 
ion channel may be of any structure. For example, the Vpu ion chaxmel is fomed by 
Vpu wHch is an integral membrane protdn encoded by HIV-1 which associates widi, 
fox example, the Golgi and endoplasmic xeticuhmx membranes of infected cells. 
Reference herdnafler to •'Vpu ion channels" is a reference to all related ion channels for 

15 example P7 HCV and M2 of influenza and the lika 

Reference to "HIV " or ''HCV should be undeistood as a referaoce to any HIV or 
HCV atrahi and incLuding hmnologqiea and mutants, 

Befeccnce to the ''functional activity"' of an ion channel should be understood as a 
reference to any one or more of tbie functions which an ion channel perfbtms or is 

20 involved in. For sample, the Vpu protein encoded ion channel, in addition to 
fedlitating the transportation of Na*, K*. CI" and P04^", also plays a role in the 
de^adation of the CD4 molecule in the endoplasmic reticulum. Without wishing to be 
boundbyaparticDlar theory, the Vpu protein caicoded ion channel is alsotboag^t to play 
a role in mediating the HIV Ufa cycle. The preseat mvootibn i s not limited to treating 

25 HIV infwtion via the mcchauism of mhibitiog the HIV Ufe cycle and, in particular, HIV 
replication. Rather, fbe present invention should be understood to encompass any 
mechanism by which the compounds of the present invention exert their anti-viral 
activity and may inchide mhibition of HIV viability or functional activity^ This also 
applies to HCV and to other viruses. 

30 Rc&ronce to the "fimctional activity" of a virus should be understood as a reference to 
any on^ or more of the functions whidi a virus performs or is involved in. 
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Reference to the " vital repIicdtloKii*' fihouldbe understood to include any one or moco 
stages or aspects of the viial ji£b cycle, such as inhibiting the assembly ox release of 
viriojQ3. Ion channel mediation of viral replication tnay be by direct or indirect means. 
Said ion channel mediation is by direct means if the ion channel interacts directly with 
the virion at any one or more of its life cycle stages. Said ion channel mediation is 
indirect if it interacts with amoleciUe other than those of the virion^ which oth^ 
molecule cither directly or indirectly modulates any one or more aspects or stages of the 
viral life cycle. Accordingly^ fixe method of the present invention encon^iasses die 
mediation of viral replication via the indiKtion of a cascade of ateps whiclx lead to the 
mediation of any one or more aspects or stages of the viral life cycle. 



15 



Reference to "down-regulating' ion dxannel functionai activity^ should be imdwitood 
a reference to the partial or oomplete inhiUtion of any one or more aspects of aaid 
activity by both direct and indirect niedtamsms. For example^ a suitable agent may 
interact directly vntii an ion channel to prevent rqplication of a virus or, altemativclyy 
may act indirectly to prevent said replication by, for example, intemcting wiHi a 

molecule olh^ than an ion channd. A further abenmtlve is that -eaid other molecule 
interacts with and inhibits the activity of flte ion channel. 



20 Screening fer moleculea that hacve antiviral scdvi^ir can be achieved by the range of 
methodologies descnbod herein. 



Reference to a "cell" infected with -a virus should be undeicstood aa arefeienoeto any 

cdlprokaryoticoreukaiyoticwWiAhasbeenmfectedwit^ This includes, for 

cxan5>le^ immortal orpzimary cell lines^ bactenal cultures and cells insitu. In a suitable 

screening system fin- antiviral conapounds, ih© xHceifetred infected cells would be 

mas»cphagesAnonocytes or hepatooytes/lyn^hoid cells infected vrtfh either HIV or HCV 
respectively. 



Without limiting the present invention to any one flieory or mode of action, the 
30 compounds of fee present inventii<m are thought to inhibit viral replication or virion 
release fiom cells by causii^ig ion channels, namely VPU of HIV and P7 of HCV to 
become blocked This blocking i$ effected by compounds contaimng a guanidy^ 
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encoxnpasses aativjial oompouuds cominisii]^ a guanidyl xuoiety and in paxtioular 

w 

analogues aad/or dedivatLves of amiloiide. For ^xanqptep other isomexio S>xms of 
amilorlde. Accoiidingly, refexence to '^aroiloride analogue*' should be undetstDod as a 

5 r6f(^eace to any amiloride molecule which has an addition^ deletion or $ubsdtiition, such 
as an addition, deletion or substitution of an atom or molecule or changing of &e charge 
of an atom or molecule, at any position hut more particularly at any one or tnore of the 6 
positions of the pyrazine ring. This deiSnition does not include the compounds S-(NyN- 
hexamethyLene)amiIodde and 5-(N9NHlimediyi}-anulorlde so ^ as they are used in the 

10 treatment of mv infection. Preferably^ the amiloride analogues and/or dexivalives 
possesses a substitution of the amino group located at liis 5 po$itj<w and/or the chloride 
located at the 6-position of the pyrazme, and/ot the amino group located at the 3-position 
of the pyrazine^ or one or both of the guanid^l amino groups. 

IS Preferably, the amiloride analogues and/or d«dvatlves of Oie invention coniprise the 



herein the substituent^ at the R positions may or n^ynot be the same^ and 
Ri - halo, aryl, substituted aryl, phenyl, or sidistttuted phmyl; 

20 Ba - amine, aiyl, substituted aryi, phenyl, fiubstituted phenyl, hexamefljylene, PrS, N- 
methyl-N-isobuQ^l, N-ethyl --N-isopropyl, beQ27i ; N-methyl-N-guanidinocaia>onyi- 
meflyl,N,N.<ihneaiyl, N,N-Hfiethy^ tert-butylanaino, halo-«nihne, fluoro-aniline 



Structure 





NH 



Ra = hydroxy, alkyloxy, roethoxy, N,3-4imethylbutapamyl: ^ 




25 
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Halo CI 




Ibe foUowiug aativiial coinpoiiitds compdsuig a gaamdjl moiety are also emcoiqpassed 
wilMn the scope of tho present mventioixt 

H 
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H 




whereia the substitutents at the R positions may or may xtot be the same, aod 

B5« H, aiyl> substituted aryl, phenyl, or substituted phetiyl; 

B6 H, aryl, sub$titated axyl ^ phenyl^ substituted phwyi» iuipifaoyl» 



5 




R? = alkyloxy. me&oxy; 



or^ the structure 



H 




1 0 wherem the sobstitutents at the R positions may or may not be the same;, and 
Rs = aliphatic or acoxnatic substitucnts^ 
R9 - alipbatilc or aromatic substxtuents; 

or; the stmcture 

H 




IS wherein the subsati^ents ai the R positiojcxs may or may not bo the same^ and 



COMS ID No: 8MBt-00311798 



Received by |p Australia: Time (H:m) 17:30 Date (Y-M-d) 2003-08-2& 



*VVfl* bVVV «• • — 



Rio"*H, axyl, phenyl dnnamoyl; 



Rii = H, alkyi, aryU pbi^U cinnamoy]; 




Ri2 •* H, alky, aryl, phenyl, cimiamoyl. 





or, fbe structure 




5 Rf5 

whetBia the substitutoils al the R posidom may or may not be the same, and 

Ri3 " H; alkyl, or phenyl 

Ri4 " alkyl, phenyl, or 5ub9tituted phenyl^ - 



A 



Ri5=H,or 




10 or, the stxuctute 
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whcrein tibie substitutwts at the K. positions may oj may not bo the same, aid 
Ri6 = H> attyl, substituted alkyl, pheayl, or substituted phenyl; 
Ri7 = H, alkyl^ substituted alkyl» phcoyl, or substituted phoQi; 
Ri$ = H> alkyl, substituted alfcyl, phenyl, or substituted phenyl; 

Tho antiviral compounds of the invCTtiOA include the foUowiag: 



5<b^,N*hexan]ethylene)aimlojdide 




5^JN^-Dinieth3d)amiloride hydiochlodde 



GH3 



'X 



NH3 



5-(N-n3iethyl-N-i$o1nityl}amilQride oonxprising the $tructuie 



JL JL 
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S-(K*ethyVN-*j&c^rai^yl)araiIoiide (heroia refecrod to as £IPA)» coxnptistog the sfaructmie 




N*(3,S-Diainino-6-cibioio-pymme-2-^aib(myl^^ corri{xdis»ig the 

structure 




N-Benzyl --M^-C3»5-(Samiiije><'6-<^loix>- coDOipdsmg the 

structUK 




4 
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3-inethoxy anuDoride comprising tiw sttuctuie 



9 

H2N' OMe 



NH2 



3^ethoxy-5<<NiN-Heixamethyl6iie)-atxulo compirisiiig the stmctuie 




3-(N-2^ -dixnethyl piop«Ral)an!ilonde comprisiiig ibs structai« 



O NH2 

.1; 




H2N' ^N" "NH 



10 
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3-(N-2^^iKmefhylpiopa»al).5-N-hexamethyle^^ arroloride cocopiising the stmcture 



O NH2 




N 




N "NH2 



NH 



Bu 



3-ljyaroxy-5-h©xaTOetbyIeaeimj«o.^^ corapri8i«g the structure 

O NH2 




H®cainethylendmiiu>-6-pheny5-2-pyiaxm congiriaiag tbe structure 



9 NH2 
^^^2^ NH2 
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N-amidino-3,5-dianojtto-6-phca34-2-pyraattec^ comprisiag flbie structure 




yN-hc»arDLelbyletie)aznUoride Qompriaine *he structure 




S-prop}d-$ul£ide smiloxide comprising the structure 
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O NH2 




NH 



3*4 X>fdbIoEoBenzamil comprisiiig the sttnctuie 





COMS ID No: SMBI-ooailTgs Iteoelved by IP Auairalte: Tlma (Hm) 17:30 Date (V-Msl) 2003^)8-20 



-37- 

5-(N-methyl-N-g^aJ(ridinocalboQy^me^^ camprisijog the $tnicture 




S-<N;N-DiefhyI)amUoride hydrochloride cojtnpnsixig the stmcture 




CH9 



S-<NtN^Dimethyl)amilaride hydiwchloridc comprising the stmcture 
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S-'tM-buiykmino-aimloride oconprising the structure 




6-Iodo8milonde comprising thm $tnicture 




Bodipy-FL Aioiloride oon^iisixjig the sicucture 




5-<4-fluoix>pli«nyl)aiiuIori4fi compriBing the sUuotoxe 
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1 Hiaptfaoylguanidii^ compdehig ibe structure 



MzN. 




2napt]io]dgaaoiduie eonoptisins the struotuce 




5 N-(2-aapfho3^-N'-iibeayl^aiiidine eosn^d^ ibe structure 
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N^'.bis(2-aapaioyi)guanidme oin^smg the strucewe 




N,X^-bis(l.napthoyI)guamdine oomprisiiig the structure 




coinpnsihg the structure 
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«-raethoxy-2rnapljthoylguanidiiie comprising the structure 




N-CinoamoytN'^'^itaettiylguaudiiie oomptbAtxg the structure 




S'^unKflamylguaniidme comprising the structure 
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cimamoylguaaiditic comprising &e stnictorQ 




4-phfflnylbeiwoyjlguanidiae comprising ih© strnctuxe 




5 N-(ca«)amoyl).N'phenyJgaamduie campxiabag the structure 
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(3-phenylpi<^<>y])£iiaiiiditie compnsing tb» structme 





N.(3.pheoylpii()panoyl)-N'iphfinylguanidine comprialng (he stnictuie 
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trans-3-fiiranacryo34guanidm^ comprising fhe stcuctuie 




or aa pxcfvided in the following list: 

plwnamil) (Sigma), N-B-^'^H3^-^Hn,tio^m,>^p^^ 
(also tefemrf to as Benzanul) (Sigma). 3'4 DichtoroB««amil,2'4 DictoloioBoizamU HCl 
(BioMol CA-204), 5-(N-methyI.N.8«iaaidinocarboi«d^eflo«^^ 5-(N.Methyl 
N-isobulyOamiloride (Sigma), 5-(N.Eth^.N-iwp,^yj)amil«ido (Sigma), 
DimethyI)amiIoride iiydrochlodde (Sigma), 5^.h«camediyl«ie)amiIorid« (Sigma) 
S-CN^-Dicfii,l)amUoridehydioddorideCNloleouJar Probes^ e^fodoamiloiide 
(Molecular Probes), Bodipy-FL Amiloridc (Molecular Probes). 3.hydr«cy^. 
bfixwaeflayleneimino^loride, H4-flttorophenyJ)aimlorid^ S-tert-butylamino- 

(Chem. Phami. BuU, 1997 45, 1282-1286), N-amidino-S-amino-Siphenyl^ 
cWoro.2-pyra2taeQafboxamxdc, Snneftoxy ^HMA. S-mefixoxy-amiloride, 
h«£amethyIcndW6-ph«nyi.2-p3taz^ N-amidino-S-ammo-S- 
hexameti^eimia<K^henyl-2^yrameca*oxamide, N.amid«ao-3^-diamino^. 
phynyl-2-pyrazinccarboacamidi^ l-«^tt»oylSWiudine. 2-naDthovl«iamdine ^Ch«n 
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Phwm. Bull.. 1997 45, 1282-128$). N-(2-iiaplhayl>N'.plKaylguaiiidmei N^lSP-WfiCZ- 
nflpthoyl)guaiiidine, N,N'^»lfl(l^iho3d)gua0id«ae, N;hI'-bi8(2-mpthoyI>N"- 
I^fiuylguamdine , 6-metlKwy-2-iiaphthoyiguamdiiie (Chem. Ptoaon. BuU,, 1997 45, 
1282-128«). 3-quiMlmoylgganidiiie (Chem, Phann. Bull., 1997 45, 1282-1286), 
<dnnaajoylgaanidinc (J. Amec Chcm. Soc, 1954, 76, 574-576), 4- 
phenylbeiteoyiguanidiiK?, N<diiMmoyl).N'pheiiylgiiaiudinc (WO 84«)0875), (3- 
pheoylpropanoyl)goaiJidiiie (WO 84A)0875), N,N'^ckmamoyl>N"-pI»ffnylgiiairi 
N-(3-phenylpi»patoyl)-I>r-i)heayigaa^ (WO 84/00875), N,!**- 
bi8(3piieiiylp«)panoyI^N"-pliueny]si^ 



10 Further con^oinwifl of tfxe invention include L-cis-diltiazomJia (Sigma) and 
cariporide (Aventis). 

Tl» pcesftit invention also inidudcs flie UM of compoijuttds 5^^ 
hei!«meawlene)amiloride and 5-(N4^.dimethyi)-amijQride in the conttol of viwa 
15 replication and/or grawib oQm than HIV. 

The sulg eot of the viral inhibition is genoally a maramal sudi as but not limited to 
human, primate, livestock animal (e.g. sheep, cow, horse, donk^, pig), companion 
animal (e.g. dog. cat), lalioiBtoiy test animal (e.g. mousey rabbit, lat, guinea pig, 
hamster), captive wild animal (e.g. fox. deer). Ptefiwably, the subject is a hiunaa or 
20 primate. Most prefbrafaly, ihe aiil:!jeet is a hi 



The meOiod of the present invention is usefiil in the tceaiment and prophylaxis of viral 
infection such as. for mample. but not limited to HIV infection. HCV tnfoction and 
other viral infections. For exatt«>le.tt» antiviral actM^ may be cffi^tcd in sul^ects 
known to be infected wiflx HIV in order to prevent rqiKoatioii of HiV thereby preventing 
the onset of AIDS. AJtmwtively, the method of the present invention may be used to 
reduce serum vind load or 10 alleviate viral infection synqjtcmB^ Similarly, antiviral 
tteatm«>t n»y be c£fccted in subjects known to be infocted with, for example^ HCV, 
order to prevent replication of HCV, thereby prwenling the fiirtfaer hepatocyt 
involvement and the ultimate degeneration of hver tissue. 



e 



30 "n^wethodofthepresentrnventianmaybeparticularlynsefoleitherint^^ 

of vwal infection to prevent the estabKshmert of a viral reservoir m affected cells or as a 
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pioi&ybciSc treata»at to be applied immediately prior to or for a petiod after 
to a possible sontee of virus. 



exposure 



30 



Re^ce herein to "fliBrapeirtic" and "prophylactic- ia to be considwed in tbeir hioadest 
contacts. The tmi "flierapcutic" does not necessarily in«,ly that a nmnunal is treated 
until total recovery. Similarly, "prophylactic" does not necessarily mean that the «nbject 
will not eventually contract a disease condition. A* cordinfily. therapy aod piophylairia 
include ameUoratiott of the symptoms of aparticnlar condition or preventing or 
cfterwiae ledndng the ri sk of developing a particular condition. Th^ tenn "^lophy W 
may be considered as reducing the severity of onset of a particnkr condition. Iherapy 
may also reduce the severity of an eartbag condition or the frequency of acute attacks. 

hi accordance the meibods of the present invetiticn, more than one compound w 
composition majr be oo-adnrimstoed ^th one or more other compounds, such as known 
anti-vital compounds or motecules. By "co-administeicd" is meant simultaneous 
«^nmristration in the same ftnnulation or in two dififermt fomuilations via the same or 
different xoutes or sequential administratian by the same or di^ent routes. By 
"sequential" administtationiameamatimediflfetence of ftom seconds 

ordaysbetwreendwadimniatrBtionofthetwoormoresqwatccompou^^ Ihe 

be administered in anv ofdfir. 



Routes of admmistaition indude but ai^ not limited to mtiavenously. ininperitiottealy 
20 ^«^"*aaeo«sly,iniraaaniaIy,intmdcmnUly.intK«m«cuIarty^ 

«tiac«^y,i«,«aasally.byinfi«uon,om^^^ ' 
latravoioias routes are parttculaily pxefeired. 

Compositions suitable ferii^ectable use hiotade sterile aqueous sofctions (where water 
sotablc) and sterile powdo« fer the «t«np«aneous pieparation of sterile injectable 
soktions. They must be stable under the condition, of manufectore and storage and must 
be preserved against fte contammating action of microorganisms such as bacteria and 
fUflgi. The canier can be a solvent or dispersion medium 

con^. for example, wat«r, ethancl. polyol sample, glj^,, propy,«,e glycol 
and hqmd polyetixyieue glycol, and the like), suitable mixtures thereof and vegetable 
o Js. The preventions of the action of micmwBanisma can be brought about by various 
antibacterial and aniifuAgal agents, for exan^le, paxabens. cWoiobutanol. phenol, sori>ic 
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acid, fhinnerosal and Ifae U]ce. fin mmy oases, it wiU be pieferable to jnolmUi isotonic 
agenia, fiir example, sugars or sodium dbloride. Prolonged absorptioix of the ii^ectable 
compositiotis can be bwught about by tfic use in the campositions of agents delaying 
obsoiptLon, fiw eocample, alnnmumi mooosteaiate and gelatuju 
Sterile injectable solniions are pcepared by inooipoxatbog tb» active compounds in the 
required amount in tbe ^ropriate solvent with various of the ottier ingredients, 
enomexated above, as required, followed by, &a exanqjle, filter sterilization or 
staiUzBtion by o^ appropriafo means. Dispereions are also contemplated and these 
may be prepared by incorptnatmg the various sterilized active ingredients into a sterile 
vehicle which contains fte basic di^Kasion medium and the required other ingredients 
fiom those enumeiated above. In the case of sterile powders for ibs preparation of sterile 
iigectable sobition«, a preftned method of pn^acalioii includes vacuum drying and the 
fleeze-diying technique which yield a powder of tbe active ingredient plus any 
additional desired h^gredieut fiom a previously sterile-filtemd solution. 

15 men the active ingredients are suitably protected, they may be orally admrniatered. for 
«!can«»Ie, with an inert dihient or with an assimilable edible carrier, or it may be enclosed 
in hard or soft gelatin c^sole, or it may be compxesaed into tablets. For oral 
therapeutic administration, the active con^Mmnd may be incorpoiated with recipients 
and used in the form of ingestible tablets, buccal tablets, troc^ capsules, elixirs, 
susp^sions, syrups, wafers, and the lite. Suoh oompositions and preparations should 
contain at least 1 % by wei^^it of active compound. Thopeioentage of Ifao compositions 
and preparations may, of course be varied and may conveoieotly be hetween about 5 to 
about 80 % of taw weight of the uniL m amount of active compound in such 
«M«apeHtioally useful compositiwas in auch that a suitahle dosage wiU be obtamed. 
ftefetxed compositions or preparations according to &e present invesition are prepared 
80 that an oral dosage unit form contains betweea about 0.1 ng and 2000 mg of active 
conqKyund. 



30 



The tablets, troches, pills, capsules and the like m^ abo contain the oonqioneats as 
Kstedheraafter; A binder sudx as gum, acacia, com starch or gelatm; exorpieots sudi as 
dicaldnm phoq*ate; a disintegrating agent such as com starch, potato starch, alginio 
acid and die lite; a lubric ant such as magnesium steaiate; and a sweetening agent such 
as sucrose^ lactose or saccharin may be added or a flavouring agent such as pq.pemmt. 



* 
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oU of witttergrecai, or chany flAVoudng. Whfta the dosage unit fimn is a capsulo, it may 
ooratain. in. addition to materials of the above type, a Uqnid caniw. Various other 
materials aaay be present as coatings or to otiierwise modify fte physical fimn of the 
dosage unit. Fox instance, tablets, pills, or capsules voay be coated with ^cllac» sugar or 
both. A syrup or eliidr may contain tin active compound, socxose as a sweetening agml^ 
methyl and piopylpaiabens as pxeservaiives;, a dye and flavouring such as cheny or 
orange flavour. Any material used infgrepadng any dosage unit form should be 
phainu«!euticaUypureandsubatt»ntiaUynon.<o^ 

the active corapouuKs) may be inootpoiated into sustamedrieleaae preparations and 
fonnulations. 

The present iaveatioa also extends to forms suitable for topical application such as 
creams, lotions and gels. lot sucix fomjs, the anti-clottiiig peptides may need to be 
modified to penmt penetration of the swcftcebamer. Piocedurea for fte prepaiation of 
dosage unit fonns and topical pi^ations are readily availsible to tihoae stdUed in flie art 
from texts such as Pharmaeeutical HmtObooh A MartindaUt Con^panion Volume Ed. 
Ainley Wade Ninetemtk EdUim Ute Pharmaceutical Press London, 
CSIC Handbook ofOiemstry and Physics JSd. Roberta WeasiPhD. <3LC Press Ihc: 
Goodman and GOman 's; The Pharmacological basis oflherapeuties. Ninth Ed. 
McGraw HOi: Remln&on; and The Science and Practice of Pharmaty. Nmeteenth Ed. 
Ed. Alfonso R. Gemtaro Made Publishing Co. Easton Penmyivania. 
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Phannaceutically acceptable camera and/or dflusints inehide any and alt solvents, 
di^ersionmedia. coalings, antibacterial and antifongat agents, isotonic and absorption 
delaying agents and the Jilce. line use of such media and agents for phatmaeeutically 
active substances is wen toMwm in the art Ea:cq>t insofiff as ^ 
agOTt is mcompatible with the active ingredient, use Ooeof in tiie tJiBt^eulic 
compositions is contemplated. Supplementary active ingredieiiis can also be 
mcoipoiated.into tixe compositionB. 



It is especiauy advantageous to fonmilate parenteiral compositions in dosage uoit form 
30 for ease of administraiion and unifonnity of dosage. Dosage unit form as used herein 
refers to physicaUy discrete units suited as unitary dosages fortibe mammalian subjects 
to be treated; each unit oontaini^g a predetenmned quantity of active niaterial calculated 
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to produce the desiied therapeutic eflfect in associatioo with the lequired rt'«rm«.« .rfj^al 
catties. The specificatioti for the novel dosage unit fbmu of the inv«ition aie dictated hy 
and directly dependent <m (a) i]xe unique chanicteristics of the active matmal and the 
particular thenapeutjc effect to be achieved and (b) the limitations inhei^ in fte art of 
S cootqioanding. 

Biftctive amounia contemplated by the piesent invaition wiU v«y depending on the 
severity of the pain and the health md age pf the recqiient £a general taons, e£&c&ve 
amounts inayvajryfiom 0.01 ngflcgbodywdght to about 100 mgrtcg body weight 



Alternative amounts include £x about 0. 1 ngflcg body wei^t about 100 nigai;s body 
10 weight or fiom 1.0 ng/kg body wei^ to about 80 wgflcg body weight 

FtaUwrfiatures of the present invention are nwaeiuUy described in a© Mtowi^ 
Ewffl^les. It is to be uudenrtood. howevw, &at the detailed description is included solely 
for the purpose of «cmpliQdng the present invenHon. It should not be understood in any 
way as a restriction on die bioad descriptiou of the mvention as set out above. 
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%nthesls of Cinnamoylgaattidtoe firom Obnnamic add Onnamoyl chloride 
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20 To a solution of Owiw-dnnamic add (1.30 & 10.12 
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lol) in dry benzene (3QmL) 
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ill 
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was 



nunol) causing the solution to e£Eervesca After reflusdng for 2 h» the sohttioa 
evaporated to dryness under reduced pressure. The resuldog soUd was dissolved in diy 
t«lrahydiofniun (20mL) and added slowly to a solution of guanidine hydrochloride in 
2M aqueous sodium hydroxide (25ial,). ibs reaction was stincd at loom temperature fi>r 
Ih then extracted with ethyl acetate (3x50mL). The coi«^^ 

magnesium sul&te and evjqKirated to give an orange oil. The crudeproduot was purified 
by column chromatography. Elution with 10% to 20% medianol in dichtorometi] 
gaye Gnnamoylguaniiiine as a cream solid (0.S29 g, 43%). 
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Synthesis of N-anOcUna^-ai 
Fart I 



'-S-pbenyl.6^:Uoro-2-pyraz^)ecarbozalnlde 




5 Toasohationofmethyl3.ainiiK>.5,6^UcM^ 

aamol) in teiwihydrofuran (5 mL) / water ( 10 inL) / tolnem (20 mL) was added phenyl 



boronic acid (0 J36 g. 4.4 mmol), sodium carbonate (0.699 g, 6.6 mmol) and 
tetialds(tripheayft»hosphme)- palladiwn(0) (0.116 g, 0.10 mmol). The teacijon was 
evacniated and pmged with mtrogm several tiin^ 

oiganlc layer was sepaxBtaA and ihe aqueous layer extracted with tolume (3 x 20 mL). 
Tbf> combined gisaiiic extiacls were dtied over magnesium sulfeta^ filtexed and 
evapoxated under redneed prBssnre to give methyl 3^ino-6-chloro-5- 
pbeKyl-2'ifyraziaeoarboigflaie as a yellow solid (0.43 g, 82%). 




IS Fart 2 



To a solution of sodium (0.040 g, 1.74 mmol) dissolved in mctlianol (5 mL) was added 
fiuamdine hydrochloride (0.258 & 2.70 mmol) and the mixture rcfluxcd for 30 min ajftar 
which it was filtered. To the filtrate was added methyl 3-amim>^.diloK,-S-phe^yl.2. 
pycaziaeeatboxylate (0-264 g, 1.0 mmol) in iV;AMimefliyl&«namide (5 mL) and the 
solution heated at 75cC for 1 2 h. The solvent was removed mider reduced pmssure and 
the residue chKanatogi^hed on siUca gel eluting wifli 1% tricthylamiac / 5% methanol / 
dichloromethane. The resultmg solid was sospemled in «5Mon>ft«m. filtered and diied 
under high vacuum to give N-Amidino-&-iman<>.S-phenyl-6-chtoro-2. 
pyrazinecarboxtnaide as a yellow adUd (0.04 ^ 14%). 
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Synfbesis or]iexainiet]iyl«aei]idno-6-plieiiyI-2-pyraz^ 
Parti 




To a sohiticm of mettqfl 3-ammo-5,6-dichloro-2-pyraziiiecarboxylate <1 .1 1 g, 5.0 nmwl) 
ia. UHxahydxofarm (50 mL) tob added hexametiyiettwmin© (1 .49 & 1 5.0 nunol) and Ou) 
reaction was refluxed fiar 1 h. The reaction was aUowed to cool and tibe eoUd 
hexameihylTOeimuie hjKli^ removed by fixation. The filtrate vm evs^ozated 
and ^ xesidue dumnatogtaphed over silica geL Ehition wifh dicMoromethano gave 

methyl 3-afulno-6-<MoFO-S-*acimetfgfieaem as an ofT-vrfiitc 

solid (1.20 g; 85%). 



Part 2 




o 



lo a solution ormetbyl S-ajnino-fiHsUoro-S-hexam^lenettw^ 
<0.350& 1.23 mniol) in dimefliylsalfijxide (5 mL) was added phenyl bostonic add (0.166 
g, 1^5 nunol), potasshim carbonate (OJll g, 3.70 nunol) and (l,l»- 
bi<dipheiorlphoq>hino)farocaie]dichlotopaUadiv^^ oojnplex 
(0.041 g, 0.05 nunol). The raaction was heated at 90.C for 16 h before being pound into 
water (SOraL) and ocbacted with ethyl acetate (3 x 50niL). The combmed exbacta were 
dried over magnesiiott sulfirtc, filtered and evsqiorated to give a brown oil wMch was 
purified by (tenatDgrapby om aifiea geL Elntkm with dichloromethanft followed by 
10% elhyi acetate^dishloroinefhane gave methyl 3-ammo-5-hexamethylenetmino-&- 
phenyl-2-pyrazin&!arhoxy1ate aa a yellow solid (0.309 g, 77%). 
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Part3. 
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To a solntiaa of sodnmi (0.090 g, 6.17 mmol) dissolved in rnsOmml (8 mL) was added 
guanidinc hydrochloride (0.S9S g, 6.26 ssmoJ) and the mixture was lefluxed fcr Saraatt 
after which it was Sintered, To the fUlratB was added methyl 3-anaxio-5- 
hfOtMOffOiykasm^^ ^0310 g, 0.95 comol) in 

teliahydioftatan (10 mJL) and fb» solution ]tefluxed fbr 72 h. The solvent was xewoved 
imder reduced pressure and ihe residue ohmmatogt^hed on siUca geL Elution with 5% 
mcfhanoydidjloromeflianegaveA?^w«£rfM^^ 
j^/rasineeat^examide as ayeOow solid (0.U6 g, 35%). 

ExMiiiide4 

Construction of recombhiant plasniids p2GEXVpu and pPLVpa 
The open reading frame encodmg Vpu (Kg la) was amplified by PCR ftom a cDNA 5 
clone of an Nde I fragment of flie HIV-1 genome (isolate HXB2, McFaiiane Bumet 
C«iii«^Melboume^AuBtralia).NativoPiuDNApolidnerase(Stra^ ' 
was chosen to catalyse the PCS. reaction to mimnuso possible PCR mttoduced ermis by 
virtue of the enzyme's proofreading activity. The 5*, sense, primer 

AGTAGGATCCATGCAACCTATACC(<400 >2)intn)duccsaBamHl site 
1 0 (underlined) fia cloning in-frame with the 3' ond of the GST gene in i^OBX (41). 

This primer also rq>aiiB the start codcm (bold T i^lacea a Q of iho v^ 
threonine codon in the HXB2 isolate^ The 3', antisense, primer 

TCTGOAArrLTACAQATCAT CAAC (< 400 > 3) imxoduees an EcoRl aite 
(underlined) to the oth« end of the PCR product to fiicilitate cloning. Afrar 30 oyol«s of 
94-C for 45 sec, 55-C fori min and 72X for 1 min m 0.5 nd thitt-walled eppendorf 
tubes in a Peridn-Ehner thetmocycler, the 268bp fragment was pndfied. digested with 
Bamm and EcoRl and Ugated to p2GEX prepared by digestion with the same two 
enzymes. The resultant recombinant plasmid is ilhistrated in Hg lb. lite enlireVpU open 
reading frame and the BamHl and EcoRl ligation sites were sequenced by cycle 
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seqiusQcmg, usii^ liie AppUed Biosystetns dye-tenniiiatorkit, to confinn the mA 
sequencer 
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Top««>M»flwVpuopcai reading We for insert^ oxpression 
pla«md, p2GBXVim was first digested widi BamHI aad the 5' base ovediang was fiUed 
in the Kleoow DI«IA polymerase in the preseaice of dNiPs. Vxe Vpu-ejxcoding fiagmeat 
was Hhm liberated by digestion with EcoRI, pwified fiom an agaiose gel and ligated into 
pPMS 1 which had been digested with Hpal and EcdRl. Western blots subsequently 
confinned that iSxe piPL Vpu eonsbuct (Fig lo) oppressed Vpu after induction of cultures 
at 42»C to inactivate ^ cI857 tepxessor of flxe PR and PL promoters. 

ExanoqpleS 

Raising polyclonal antibodies for iniDnuio4dentifiartlon of Vpn 

Apcptidc CALVmdGVEMCEHHAPWDVDDL (< 400 > 4) couesponding to the 
Ctenninal 20 amino acid residues of Vpu was synlhesised in the Biomoleculw Rosouico 
FaciUty (ANU. Austfaha) using an Appfied Biosystems model 477A machine. A 
OTdtipIe antigenio peptide (MAP) was prqwred (Lu et a^ 
to apolylysine core via the NHaimflnal cyshane residue. The MAP was used to 
immunise xabbits for production of pc^ydonal antisera recogmsing die C-tetminua of 
Vpu. For immnnisations hng of MAP peptide was dissolved in 1 25mi of MTPBS 
(16mMNa8HP04.4n)MNaHP0*l ISOmMNaClpH 7.3) and emulsified with | .25ml of 
Reund's complete adjuvant and injected at multq>le subcutaneous sites on the labbifi 
back. Booster injections used Freund's inoompiete adjuvant and weie ^ced at least 4 
weeks ^art with serum being sampled 10-14 days after injections. 
Example ti 

Tedmiq;a«s involvhig tiie antibodies 

Peptide-specific antibodies were purified fiom rabbit sem usmg an taununopureiM 
Ag/Ab anmobiliaation kit fi»m Piewe. The ^thetic peptide was cioss-linked via its N- 
tenninal cystine to the matrix of a 5ml SuMb Liafc™ column accordmg to the Mf s 
instructions, 2,5ml of Vpu immnnorcactive senun was added to 20ml of lYis buffer 
(lOmM pH 7.4) and passed through the peptide coliimn three tunes to maximise 
exposure of the antibodies to the peptide. The column was washed with 20ml of lOmM 
Tris pH 7.4 fiiUowed by 20ml of the same buffer supplemented with 500mM NaCL Tlie 
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bouad totibodies w«e eluted in 5ml of lOOmM ^^isOnM NaQ, pH 2 J and 
elueirts ^ faunediaiety «eut«dteed by addition of 25 0 of IM TMs pH 9.0 and 
diab^ ovcDught agaust MIFBS. 



5 Ant 



aoftrVpu uninHnoaffimty oolum w«, conslxucted by covaleutty cross-Unkfag 200 ug 
Of purified autrbody to 1 00»d of piotem A agarose beads (Schl«ch« and Schuefl) using 
ihc bi&nctional c«,ssJi«ld«g nagBut dimethylpimelimidate as described previously 
(Harlow and Laue^ I988>- 
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muuopiecqiiiaiion of Vp« vm perfonned by incubation of samples in theptesence of 
approximately S-foW «ce« of purified antibody (room t«nperature for 1 hr) followed 
by addition of excess piotdn-A agarose, incobati<m for 30 min, and cex^tnX^on to 
peUctfhe vpu^bodycomplexea. Theaupewatant^whichwassubsequemlyuacdasa 
control in the electrophysiological biL^ exp«im«tt«», waa tested by western blotting to 
confirm that Vpu had boen oon^^lctdy removed. Protein samples were electrophoresed 
on homogeneous 1 8 «/, SDS polyaoylamide gels using a minigd apparatus and 
piqjouzed gels (jg^ovBK), Sanqjles were treated with SDS (3.2 % final) 
n.«.aptoethanol (0. 8 % final) at 600C ft. S min before loading onto gels. Protem bands 
were visualised either with Coomassl^ hriUiaot bhie R2S0 or by silver staining. 

For western blotting, proteins were tcansfeaed fiom aorylamide gels to PVDF 
««arthnai«s using a semi^ transfer ^aratas (?ham«cia IXB) . Vpu w«« detected 
after consecutive reactions of the blots wittt polyclonal antisemm or purified antibodies 
goat anti-iBbbxt alkaline phosphatase cotyugate and Western Blue™ stabilised substrate' 
O^iomega). 



iple? 



Purification of Reeombiaant Vpu tkom E. Coli. 

Cufturesof^. -Z^' ^ XLI^lue celb containing p2GBXVpu were grown at 30-C w^^ 

v^a^oninIBmediumsupplemented^gh^3e(6gl.^ 

(5Qme^) to a d*^ty of proximately 250 Klett units, at wWch time IPTO was added 

toafi„^concentrationofO.Oh„Mandgrowthwaseo„,inuedfi«afi«fhe^^^^ 
culture dens«ywas^xoxiinately280Klettunits.Sinceearlyex^ 
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the nuyority of «cpx«sed C3ST-Vpu lusion protein was associated with both tbo cell 
<Mms and 30 memW fractiom. the me&od of Vwadhachaiy and Maloncy 
(Varadhadiary andMaloney, 1990) was adopted to isolate osmoticaUy disrupted cdl 
ghosts (comWningbolh cell debris andin«nl«»ne fiaetions) for the initial purification 
steps. Cells wew harvested, washed, weigjhed and resuspended to IQml/g wet wei^ia 
MITBS containingDTT QinM) sndMgCh (lOmM). Lysozyoae (0.3 mgtofe ohicteQ 
egg wMe; Sigaa) was added and incubated on ice for 30 nria wiib agitation 
followed by 5 ain at 37-C. The o«noticaUy ««sitised were peUctcd at 12,0008 and 
«suspe«ded to the original volmne in water to burst the cells. The su<««n«ion was then 
inade IV to IxMIPBS/DTT using a bnffer Stock and the ghosts were 

centri&gationandresnspendedinMlPBS/DTTtowhichwasthfiaseqnentiaUy^^ 
glycerol (to 20 % wt/vol) a«id CHAPS (to 2 % wt^ol) to give a final volume o£on« 

quarter the Original volume. IWs unsture was stilted on ice 
at400,000gforll,rto««noveinsolubtematerial. The GST-Vpu&aion protein was 
punfied fiom tte deterg«u e««„:t by affinity chromatography on aglutathiane agarose 
icsm (Sigma), The ream was flwrou^y washed in SOmM Tris pH 7.5 containing 
glycerol (5 o/.), dIT (hnM), and CHAPS (0.5 %) (Buffer A) and then the Vpu portion of 
the fosion protein was liberated and eluted fiom the resin-bound GST by tteatment of a 

50%(v/v)suq«udonoftb«beadswi1hhnmanth«XTObin(100U/ml;37Xfor]hr) EMSF 
^.5mM) was added to the eluant to eliminate any r^naining thn>mbdn activity. IWs Vpu 
fiacuon was flmher purified on a column of MA7Q anion c«:hangc «:sin attad^ed to a 
BioRadHPLC andctated with a linear NaO giadient (0.2M) inbuffer A 
The Vpu was purified to homogendty - as dotemuned on silver stataed gels - on an 
mmmnoafSnity column as foUows: HPLC flections containing Vpu were desalted on a 
NAP 25 oolunm (Pharmacia) into buffer A and then mixed with the aatibody-agarose 
beads-fin- Ibr atxoom ten«)6r8tare. The beads were washed fliorou^^ 
ehited by hicressing the salt concentration to 2M. Pmtdn was quantitated ush« fixe 




ng assay. 



ExanutleS 



30 Reconslttnflon of Vpu in Phospholipid Vesicles. 
IWliposomescomainingVpuwer^pi^ 

1990). A nurture of lipids (PBJPC:PS; 5:3:2; hng total UpM) dissohred ht chl«ofoxm 
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was dded under a stteam of niteogen gas and lesuspended ia 0.1 ml of pcrtBsrinm 
vhaspbBta bufifer (SOttiM pH 7,4) oontoining DTT CbnM). A 25^1 aliquot containing 
prafisd Vpa was added, followed by octyl^ucoside to a final concentration of 1. 25 % 
(wtAvol). This miicture was subject to &ree roonds of j&eezingmliq^ud nitrogen, thawing 
and wnication in a both type sonicator (20-30 aec) and was then luridly diluted into 200 
volumes of the potassium phosphate buffer, PtoteoHposomes were eoliected by 

««trifogation at 400,000g for Ihr and tesuspendcd in aRpioxixnately I 50mI of phosphate 
bu£EQr. 

Example 9 

Assqing ion Otoniud Aetivfty 

Purified Vpu was tested fyt its ability to induce channel activi^ in planar l^id 

using standaid techniques as described elsewhere (^filler, 1986; and JPiUer et al, 1996), 
The solutions in the CIS and TRANS chambers were sepatated by a DeWntM pj^sUe 
waU containing a smaU cbcular bole of approxin>ately 1 00pm diameter across which a 
lipidbil^ was painted » as to fiam a high tesiatauce electrical seaL Bilayers weie 
pwnted fiem a mixture (8:2) of palmiloyl^leoly.phoq>hatidyl-eil3attolamin^ and 
pahnitoyl^IeolyphosphatidyKdioline (Avanti Polar Upids. Alabaster. Alabama) in n- 
decanc. The solutions in the two chambers contained MES bu^ (1 Om^ 
which variousNaCl orKCl concentratioDs were added. Corxeots were recorded with an 
Axopatch^ 200 amplifier. The etectrioal potential between the two chambcis could be 
manipulated between 4y.20QmV CTRANS relative to gKiunded dS). Aliqu^te containing 
Vpu were added to the OS chamber mdxer as a detergent sotation or after incorporation 
of the protein into phosphoKpid vesicles. Ihe diamber was stirred untO cunents were 
observed. 



25 Exanqple 10. 

Testfais the Effect of HMA and DMA on HIV ReplldMion JSnmmi Monoigto 
and Maoitiphages. 

Human monocytes were isolated fiom peripheral blood and cultured either fer 24hr (one 
day old monocytes) or for 7 days to aUow differentiation into monooyte derived 
macrophages (MDM). These cells were then o^edto ceU-fice preparationB of mv 
isohites and allowed to absorb for 2hr before complete aspiration of the medhun, 
washing onoe with vims-free medimn and resuspension in fiesh medium. V» cells 
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were 
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exposed to 5 W OpM Hl^ or DMA either 24 hr prior to iiife*^ 
Subse^ueat HIV repUc^on, at vmo«, times after infection. ^ corx^ ia cdb 
exposed to drag, and in celte not apposed to drags (conHob). Tke jaogre^ion and «t«it 
of virsa tcpiicanoii was assayed o^w^g either an HIV DNAPCRmcthod (Fear et al. 
1998)orana.ISAmrthodto^mntitatep24mcu»wesai«ra8^ 1998) 



30 



Bxaivqple 11 

Expmsfoii and Pulficatkni of Vpa in £.Co]i. 

Tlieplasmidp^C^pu^Fig, 1) was constructed to oteato an in-W ^ feaion 
between the GST and Vpa <^-,«ding ftames. This syst«n ^ted IPTG-hufacible 
«jq»ressi«i of the Vpa polypeptide Ihsed to ttie Ctennhnis of GST and aHo wed 
purification of the &sion piotehi by affinity ca«omato«i^hy on gh«athione ^se. 

Optimal levels of GST-Vpu expression were obtained by growing the cutaires at 30"C to 
a cell density of ^»mately 250-300 Klett units and indudtag with low levels of 
IPTG (0.01ndV0. To puri^ the GST-Vpu, a combined cdMbr fta^ 
«aidebi» andph«ana«««teanewasprc5,a«dby lyBQ^^metreahnent ofthcinduced 
ceils followed by a low-speed centrifegalion. Afproxinately 50% of the GST-Vpu 
protefe could be solubilised fiom this ftaction ushig &e zwitterionic detergent CHAPS 
AffSmty chiomatogiBphy usmg elutaihi««wigarose beads was used to «mchthe fusion 
protem aud thrombin was used todeave the ftsion protein a« the high affinity thrombin 
«tobetween the fusion partners, liberating Vp« (Fig. 2A). fa ftactio«s elnted from the 
anion exchange column Vpu was d,e m^or ptwtem visible on sUver stained gels (Kg 
hmo 1). Finally, Vpa was purified to parent homogeneily on an inununoaffinity 
cototm (Fig. 2B, lane 2> Ihe N-tanninal amino acid sequence of the protein band 
(raised fi»m SDS.PAGE gels) ccn«q«mdmg to the inmumodetected protein confirmed 
Its vtentity as Vpu. 

Bxample 12 

Vpu Fqhm Ion Ctaflimels in Upf d BjiUyeret. 

TO assay fer iot«hannel fbnnation by Vpu, reconstitoaon into planar lipid biky«s was 
performed. When samples (containing between 7 and 70ng of protein) of purified 
xecombiasm Vpu wore added to the Iml of buffer in the CIS chamber of the hilay^ 
apparatus, current fluctuations were detected after periods of stirring titat varied W 2 
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to 30 mm (Fig. 3). This time talcen to observe channel activity appiwnmately coxrelatcd 
with &e ainount of {noteto added lo the chamber. No cbmosh were detected when 
control buffer aUquota or eootasl %id vesicles were added to the CIS chamber. In ihose 
control experiments the chamben could be stbared &r more tim aa hour without 
5 appearanoe of channd activiiy. 

Esanqile 13 

Propertia of The Vpn Channeb. 

Channel activity was observed ia over 40 individhial experiments with Vpu san^les 
prqiared fiom five independent pmifications. In different experiments, the amplitude of 
10 t«»cu«entevariedoveralai«eraBgeand,again,se«^ 

the amount of protein added. Tb» smallest and lar^ channeh: measured had 
conductances of 14 pS and 280 pS, respectively. The ohatmela were comistenUy smaller 
when Upid vesicles containiDg Vpu weie prqured and fined to the bilayer rather than 
when purified protein in detergent sobition was added. Hiis be because the former 
method included treatment with high concentiations of detergent and a ^Bihition step that 
may have &voured the brealcdowa of hog© aggregstes into monomt^a. 



15 



20 



25 



30 



The relationship between cunent ampfitude and voltago waa linear and Ibe reversal 
potential in solutions containing a ten-&ld gradient of NaQ (SOOmM CB; 5QmM 
TRANS) was +3QmV (Fig. 3B). A similar teveraal potential was obtained when 
solutions contained KCI instead of Nad la 5 eixpedmam wafti either NaQ or KCI in 
^e solutions on ddier side of fhe mi 



nane, the amage xavexaal potential was 31.0 -t/. 
a.2mV (+/-SEM). This is more negative than expected for a channel selectiveiy 
pemcable for Oe cations alone. Using ion activities m the Goldman-Hodg|dn-Kalz 
equation gives a P^^d ratio of about 5.5 indicating that (he diannels aic also penneable 

to Chloride ions. An attempt was made to reduce the anion current by substituting 
phosphate &r chloride ions. When a Narphoaphate gradient (150mM Na* & lOOmM 
phosphate OS; ISmMNa* & iamMphog)hate IKANS, pR 6.8) was used imrtead of 
theNaCl gradient, tiwreversalpotential was 37.1 +/- 0.2 (+ASEM. tt=2) again indicath« 
acation/anionpetmeabilityratioof aboutS. (For calculations involving the phosphate 
flotations, tiie summed actrviiies of the mono and bivalent anions were used and it was 
assumed that the two spedes were equally pemieable). The cunent-voltoge curve now 
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«d«bited «ctification ftat y«8 not seen in the NaCl sotaiio«a . Jft can be concluded that 
the chaoneto fimned by Vpu a» etpMy pctmeably to Na* and and ai« also 
penneaUe, though to a lesser extent; lo chloride as wcU as phosphate ions. 

Buinple 14 

Bio-Amy for Screening Potentbd Ion Channel-BloeJOng Driigs. 

As part of a search for dnigs that bloc* the Vpu ion chann^ a nav*4 Wo-assay w 
developed to faciUtate the screenine process wlact ivoold be prohflntivdy slow if 
pcrfonned in tie Wkyer assay (Ewart etal, 1996). This Mo^y is based on the 

obserwtionthHtacprcssionofVpuiujacp/iwsultsinanacliwVpudiB^ 
aie plasmalenmrn that dissipates the transm«afl,me sodium gradient As a consequence 
of this Vpu dhaimel activity, melaboKtes y^boss accumulation vdUmi the cdls is 
tnediated by a sodium dependent co-transpotter (for example pn>Hne or adenine) leak 
om of the cell fester than they can be synthesised so that ftc metaboUtetf tntraeellulac 
levels become limiting for giow& of the celL ITxereby, mRco&c6a Qxpressing Vp* 
unable to glow in minimal drop-ont media lacking adenine or piOline. However, in tfa. 

pnaaiceofadrugiJurt blocks the vpu chamiel.tiioceU is once againableto«^ 

Its transmembrane sodium giadient - di» to the action of other ion pimq,8 in fl^ 
membiane - andthe leakage of metabolites ispievonted enabling growth. Bqpcrimen* 

to demonstiate flwt Vpn can fiirm sodium channels in the plasma 
'were perfinmed as follows. 



To expieaa imfosed Vpu in E. coli, the vpu cpen-readii^ We was cbm^ 
plasmidpPMSl (19) to create the lecombinant plasmid pPl^Vpu (Fig, lb), fa thfe vector 
25 «»«^Pi.andPi<lambdapromotmareusedtodmce,qnessi 

c^l of the tempe«tm« sensitive cl857 represser, such that when grown at aO'C 
ttpression is tightly«|««sed a«d can be induced by nusing 4^ 
arc and42»C. On agar plates, cells containing pPL-Vpu gi«w when incubated at 30°C 
aM 37-C but not at 42»C, while conftol strains grew weU at 42»C Liquid cohuies of 
30 «^«««tfaini^pPl.Vpuwereg„>wnat3CPCtoOIW^.84t^ 

42«C for two ho«s (the final cdl density was OD««,=0,75), Tbe plasma mcmh«ne 

was prepared and western blotting, u«ng an antibody that specifically binds to 
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the C-teontnus of Vpu, detected a single band at approximately I6kDa. indioatingthat 
Vpu was expressed and associated with die memhcanes 0%. 2A, lane 5). 

Example 15 

^ss-FeedliieE3tperimenfti Reveal That Proline Leaks Outof CeUaExprewUig 
Uptie of proline by ^ coU is weU chaiacterised and active transport of the amino acid 
toto the cdls is known lo use dxe sodium gradient as flie enogy (y«aan> ah 
1994). To detect whedier proline leakage occurs, tiie following ctoss-feeing assay was 
used: Alawnofan^. cofl strain auxotrophic for proline and mctWoirine (Met' l^^^ was 
seeded sad poured as a soft agar overlay on minimal dtop^t media plates lacking ' 
prolmcbut contaiaingmelhionine. Stedle porous mterdiscg ware inoculated with a 
Met* Pro* strain (XI^l blue) containing either d,epPI45l eontaol plaamid orpEL-Vpu 
and placed onto ihe soft agar. Hxe plates were then incubated at 37»C or 30«C for two 
days. Afler than time a halo growth o£ the Met* Ptt,- strain was clearly visible 
surroaading the disc inoculated with the celb contaming pPI^-Vpn incubated at ST'C 
CFig. 4A). This growth can only be due to the leakage of proline fitom the Vpu- 
expiessiiig ceUs on the disc. No such leakage was appareiit fen^ 
37*C nor around ^fher strain on plates grown at 30°C (Fig. 4B). 



20 



"25 



30 



III coDtiast to proline tiansp«t. co« molluoninc pcm«ase is known to belong to 
the ABC tiansporter family ^sen, 1987) and hence be energised by ATP. Identical 
crossfeeding cqpetiments to those described above were set us except that the Met' Pro' 
stnan was spread on mmhnal drop^pUrtes lacking mednonine but contaming proline. 
No growth of dns attain was evident around any of die discs (Fig. 40), indicatmg that 
methionine was not leaking out of die XI^l bhie cells even when VpJ was bdng 
expressed. 

Example Id 

E.Coa Cells Expmsmg Vpu Require Adenine hi the External Medimm for Growth. 
It was observed tha^ due to an nncharacterised mutation m the adenine synthesis 
pafliway, growth of "'ft' cells ofdieXLl-bhie strain expressing Vpu at 37-C was 
dependant on die presence of adenine in die medium. Ibis allowed die development of 
an even smiplar bioassay for Vpu ion^hannel activity dian die proUne ctoss-feedmg 
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assay de««ibed above: A law« of XLl-blue ells c<mtflii«ng the pPI^Vpu pbamid is 

««dcdonto aa agarosa plate lactdng ade«me i«t the mcdipm. «x»3U aliquote of dn^ to 

be testol &r inha*So«i of the Vpu chamxel a« spotted oato the agarose in discwte 

loeati«i«andtheplatesa.eincubatcdat37oc&ras»^^ 

Hatoa of gcowtt annmd a particular dtug application site indicate that the drug baa 

mlubUed«preaaipnpf««vpuionc^^ 

oftnednig. 
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Exanqplel? 

AjMonde analogues ware d«««eri«d fi» thfiir ab^^ 
actWtyreccnstit^ediMoplanarUpidbili^er^ Obefeur compounds tested we^ 
pbenazml, SKN-methyl-N-isobutyDamiloride (IVHA), be^zamil ai«l S^NH^hyi-N- 
laopiopyDanuloride (BIPA). Vpu N^cnninal pqrtide (xeddue. 1-32) dissolved « 
t«iiuo«ea«^l was added to the CIS c*«n.b^ of Ibc bilay.^ ^ 
was s t««d unftl ion cuoms we» obaen^ indicating aco^aa of one or mce 
Vpu ton d^nnels into aebilayer. Afl«.:»oording flic duinnal activity for a few 
-anutcs. drugs were added to the solutions iaihe CB and TOANS cbambeis-ydth 
stunng-toafinalooncentratic«.oflOOMM. Channel actM^ was tt^«oorded for at 
least a former three mi«u««s and the efifect of dmg addition on ion curmxt was 
detemrfnedbyooa^axingthechanndactivitybefo^ccaxrf^ ^^^^^ 
e«pcnment,drnee^ctw8scIassifiedintofonreategories: «Stong block-. if cun^it 

H^T^r ^"^'^ ^^^^-^ '^J^cox. 50-90% inhibition; partial 

blo^<50^and"noeffec.'. Bxperimentswe« disregarded if cu^ta^^ 
±50pA were generated alter addition of Vp« N-pq,tide because in such cases it is 

posBiTilcihatnon-nativepeptideaggregatBscoiaribntetohilayerb,^^ Such 
^^Jtcs. by vbtue Of their disorganized st™^ 
tae drugs at the conceittrations tested. 



30 Table 3 sununatises the lesults of the bikver etneriw^^h. ti.- - . 

p«ayer experunents. Th© chemical structures of the 

con,pouudsa« indicated in Tabic 3. A novel outcome ofthese«cperiments was the 
^^ngblockingofVpuchannelsobservedwithPhcnanm. Phen«ml has a phenyl group 
dmvativeatflieguanidinegroupofanuloride. Annloxide itself is not a block., of^u 
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whereas addition of h«aaielhyl«ie group at the 5- position of the pyrarine ring 
created a stnietiw (HMA) that blocks the ohaonel at oonoaaixations as low as 2SriM. 
These new lesuKs widi PhenaraO, however, now show that a bulky hydxophobic 
derivative at the opposite end of the molecule can also turn anuloride ioio an effective 
Vpu Qbnmel blodEer. Biteiestingly, besozamil. ^th a v«y similar stcucttue was much 
leaaef&ctiveatbtoctogtheVpuchannel. Neither MIA xiorEIPA, alternatives- 
position deiivatives, were found to be as effective as HMA fi» Vpu inhibition. 



10 



Table 3: Samnisiy of Bilayer Esperinienis 



CompoBttd 



No.Expts. 



iResnlts 



Phenamil 

Benzamil 

EJPA 

HMA 



3 

2 

10 

3 

1 



3x Soaag block 

Ix Strong block; In; weak 

3x paxtial block; 7x no effect 

3x weak block; 

2x Strong blodq 



IS 



Pheriami 1 was subsequently tested in Oie bactedal growth assay and shown to be an 
activeinhibitorofVpafUnctionbythisnxeaiod. Table 4 summarises the eflfecthreness 
of various amitoiide analogues tested in three different assays of Vpu fimction: the 
Wlayar as^. the bacterial assay, and the anti-HlV assay which assesses the ability of 
fljc coords fo inhibit UveHIV-1 repUcation in hmnan blood derived maaophage 



e^ 
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Table 4: Sn 



iUtt 



taiy of Effect of Amiloride Analogues in Three Vpu Assays 



Con^poiind 



Amiloride 



Amiloride 



5-CN-N-dimothyl) 
cimilaxide 



i8obuty])aaiiloride 



5-CN-ethyl-N- 
ifioiHtopyOamilorid 



Stractnrc 






Bilayer 

Assaa 

iniictive' 



Active^ 



Activ«^ 
(<HMA) 



activxty 
(at lOOiiM) 



Partiid activity 
seen In 3/10 



Inacttve^ I Inactivd^^ 



laiftclivi?'^ Active* 



Active' I Not 
(<aMA) Tasted 



Active? I Kot 
(<HMA) Tested 



Net [ Not 
Tested I Tested 



Active I Not 
(<H^9[A?} Tested 
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Twting of a Syntbetie F7 Peptide for chanael activiiy in artificfal Bpid b«aye« 

Ape|rtidem«mokingihepTOtemP7eii«»d^ C vims (HCV) was 

synthesised having the followbog amiao aeid sequence: 

ALENLVIIKAASlACnHGLVSFI.VPFCFAWYLK^ 



phospliatidylsottnd 



perfottned as descdbed elsewhere (MUlo^, I98e 
yl-phoaphatidyletbaaolaasane, paJnutoyl-oleo^ 



30 



Upuls, Al^^aate^ Atobama) was «sed Tte Hpid mlxtaie ^ p^ 
of 1 50-200 um in ihe w^ of a 1 ml dcMa cop. ihc ^,mure sep «ates two cbaml^ 
CM and trans, both containn* sah aotations at di&rent concentxatioas. T1» cis 
chamber was connected to gwnad aad the trans chamber to the input of an Axopatoh 
200 an«>lifier, Noni«By the da chanrfHsr coirtained 50^ 
15 «^KaTbebilaycrtoationwasni«rit«edelectricallybythe^^^ 
cunentpubegenoatedby a ctt«e,tt«n^. Ttoepoteatials wcrem 
chambw with req^ct to the cia llie piotein waa added to the 
unnicharmel activity was seen. The cunentsweioffltawd at 1000 digiiizcdat 
2000 Jfe and stored on magnetic diafc. Xhe P7 peptide was dissolved in 
t«Saio«lhanolCn^B)atl(h^ 10 nlofthis was added to &ecis chamber of fl« 
hilayer which was sthted, Caiatmdactivitywas seen within 15-20 aria 

When the P7 peptide was added to the cis chamber and stined. channel activity 
waswcotded. An example of this d«nnel activity is shown in Fig 9A. Ttepote«tiaI 
Inthetransd^amberwas-SOmVandtShecuttentsaiedownwatds. -mcaxtms 
levaaed at +50 mv <r,g lO). close to the potasahnn eqaiUbriom potential in these 

»oluhoasindicating,hatthechanneIswerecation^el«^^ A« aM-points histogram 
of a h«,ger recotd (14.2 seconds) at this potential in the same experiment is shown in 
FigSB. ll»e«aplitudeoftheopea-channelpeakisI.7pAooirespondiagtoa 
diannelconductance of about Hps. tomostexperime,«^«si«8lecham.els"hada 
muchlargeraiz*, presumably becauseofags«gationoftheP7 peptide. Anexamplc 
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of these ounents over a range of potaatials is shown in Fig. 1 1. The cnntents leversed 
at about +40 mV in tiiis expcrimcnL la some expeaiincaits «be solution in the ds 

cham1>wwafll5OniMKaandl5inMKain<h0tanschamber. ITiePTp^ttdo 
again ptoduced coirents that revexsed. 

5 



Hilar results were obtained when both chamber contained Naa Cuorents 
recorded in an experiment when the cis cDiamber contained 500 mM NaQ and the 
trans dhaaiber 50 mM Naa are shown in Fig 12, Again flie cunems levereed 
between +40 and +60 mV, close to the Na* eqpiUbrium potential indicating diat 
10 dwnnda were much more pamcable to Na* than to IC*. 



IS 



20 



The flannels fiamed by the F7 ptptidB were blocked by HMA. as iUiisttated in Fig 
13. The traces in Fig 13A were obtained at 0 mV: the cis chamber contained 500 mM 
KCL and the trans 50 mM KCl. 

Addition of &© P7 peptide produced the dmnel activity shown m Fig 1 3 A. Addition 
of 2iilof50niM HMA to the cis chanibec followed by stirring resulted in 
disappearance of the channel activity as illustrated in the traces in Fig 13B. Blodc of 

diamidacUviiyprod«cedbyftoP7pq>tidcwi& 100 mMHM^ 

experimeotSL m 2 expeiim^, sodium channels (500/50) were blocked by 500 uM 

HMA 



When 10 mM CaO, was added to the cis chamber (K solutioDs) the reversal potential 
of the currents pmduoed by P7 peptide shifted to more negative potentials mdicatmg 
25 a decease in flie Pg/Pa xatio. 



30 



When the cis damber oontamed 500 mM CaOs and the tmns chamber 50 mM 
bothpositive and negative currents were seen at pot^rtials around +20 mV and it was' 
not possible to detonuine a revmsal potential. 
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Example 20. 

Reeombinaat Expiression of HCV p7 jnoielii. 

Two cDNA fisgmeote. eacb encodi«(gflM same polypeptide coi«spo«di«g to the 
miim acid seq««ice of the HCV-u p7 pxotem. we«, synlhesised commewiaUy by 

^t-<>«I^NAsdi£&redinnudeotideseqneocesueha«tinonec^ 
( cDpT.coU'O Ac codoas wao optimised for cxpicssioii of ifae p7 protein in RcoU 
virile in the olier oDNA CcDp7a«amr oodoas v««e biased &r eKptessioa in 
nwnmaliaa cell lines. cpp7.coU.vas cloned into the plaanidpl»L451 as a 
BamHraooRIfiagmen£farexpressianinRcoU(seeaaanple21). opp7ai»mwas 
cloned into vcctoni (for e,a«nple.poDNA3.1 vaccinia vimi^ pfi»tBao-l) for 
ejqiressionofp? inmammaUaaccU lines (see Bxampte 22). 



Knumple 21 

Bole of p7 fn enhancemeitt of Gag VLP Bonding. 

The budding of vinis-Uke particles (VLP) from oultared HeLa ceils lesults fiom the 
«pn«sioa of «ttovirsl Gag proteios in the cells and co-^piession of smatt vind ion 

cte»mel8» such as AC. Vpu and 61^ with the Gag protem enhances bu^^ 
loteiestinfiily, Oe viral ion channels can enhance hnmo^ of heterologons vims 

particles. Then*i^toaBsessbuddingenhanoementbyp7Uwasco-«»pres5^ 
thoHIV-l GagproWninHbLaconB, and VlJPrtleaseintothccuW 
nwasuredbyGagELlSA ToscMevatfais,lhepla8midspcDNAp7CH:DNA3.l- 
pcpp7.xaam as desoibed in Example 20. p7 expressed m«ier control of Jhe T7 
2>ro«ctef)andpcDNAGag(HIV.l Gag ptotdue^ed under control of the T7 
promoter) weie colrsnsfbcted into HeU cells hrfected with the 
VTF7.3 (expresses T7 BNA polymerase) and cultaie st^pematants ^vere coUected fer 
25 ELISA assay after 16 horns incubation. 

£»ui]qple22 

HCV p7 loa Channel inhibits Bacterial Cisn growift. 

Aixslogously to the bio-ass^ofVpuionchamiel activity described itt Examples 14- 
16, a bzo-assay of p7 fimctioa in bacterial cells was also developed. Itc p7^codin8 
aynthetic cDNA flagment cDp7.co]i was cloned mio fte expressiaaplasmidpPI>451 
qg the vector pPLpy, in whichpT expression is tempemtute inducible, as ' 
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described in Example 4. Mribiticm ofthe gxmth of RcoU cdte expressing p7 at 
37°C was observed as an indicator of p7 ion chatmet tetion dissipating the noimal 
Na+ gcadioit maintained by bactoxial ccBs. 

Ea»ntple23 

Assay »f tfce ability of amflorida analogwea to Inhibit p7 ion channel iRmctional 
activity. 



. ^tia*«mc&od8ofdctectingp7iQnd»nmdfimctio^ 

Examples 21-23. were employed to assiiy the OMiy of c«npounds to ialubit iiie p7 
charneL the case ofExample 21. c<anponnda were tested for ^drabiUty to 
10 P7«*aimelactivityinplai»rUpidbiUyenL tofhOcasoofExanipIe22^^^ 
tested fiw thdr abilify to reduce the nnmber of VLPsreleased from cells 
expressing bothp7andHIV-l Gag. IiithecaaeofE»aBple23.con5K,uiidswcte 
tested for thdr abjliiy to restore giowth on minimal nutrient media of RcoK cells 
ffiqnessing p7. 



Those sidned in IJie art wiU i95,,eciate that tho invealto^ 

susc^t&lB to variations and modifications other than those spedficaUy described. K 
» to be understood that the im^oa includes all such variations and modifications 
20 invention ateohu:ludea all of the st^s.featares,convosition3a«^ 
«feaed to or indicated ht Ibis q^dficatian, individuaU 
aU combmatt<m» of any two or more of said steps or featmes. 
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